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The morphology of the leaves of 16 Pavetta L. species indigenous to southern Africa has been studied. The shape 
of the leaves and the venation are described. Th is information is expressed quantitatively for a cluster and principal 
component analysis. In the cluster analysis the individual specimens of a taxon were more or less clustered together. 
The principal component analysis did not help in resolving the taxonomical problems experienced in the genus 
as neither a combination of characters nor characters which correlated highly with each other served to separate 
taxa. Nevertheless, this study has shown that most of the macro-morphological features of the leaves can serve 
as supporting evidence in the delimitation of the species of the genus Pavetta. 
Die morfologie van die blare van 16 Pavetta-spesies , inheems in Suider·Afrika, is bestudeer. Die vorm van die blare 
en die bearing word beskryf. Hierdie inligting word kwantitatief uitgedruk vir gebruik in 'n groeperings· en 
hoofkomponentanalise. In die groeperingsanalise het die individuele eksemplare van 'n takson min of meer saam 
gegroepeer. Die hoofkomponentanalise het nie gehelp om die taksonomiese probleme wat in die genus ondervind 
word , op te los nie aangesien beide 'n kombinasie van kenmerke en kenmerke wat hoog met mekaar gekorreleer 
het, nie gehelp het om taksons te skei nie. Nogtans het hierdie ondersoek getoon dat die meeste van die uitwendig· 
sigbare kenmerke van die blare as ondersteunende getuienis vir die omgrensing van die spesies in die genus 
Pavetta gebruik kan word. 
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Introduction 
The genus Pavetta L. is a large genus with more than 400 
species occurring in the tropical and subtropical parts of 
Africa, Asia and Australia. In southern Africa the genus is 
restricted "to the summer rainfall areas where some of the 
species are endemic. Until recently it has been difficult to 
distinguish between some of the indigenous southern African 
species because of the fact that Bremekamp, who revised the 
South African species in 1929 and published a monograph 
of the genus in 1934, described many species, some of which 
cannot be identified by means of his keys. A revision of the 
southern African species by Kok & Grobbelaar (1984) has 
helped to resolve this problem. The flower structure of all 
the species is remarkably similar and it is mainly features of 
the calyx which serve to subdivide taxa into sections (Breme-
kamp 1934). The present morphological study was undertaken 
primarily to gain more knowledge of the genus and addi-
tionally to investigate vegetative features which may prove 
useful in the delimitation of taxa. 
study of the leaf (Herman eta/. 1986b) and four qualitative 
morphological characteristics were employed in the numerical 
analysis. These properties are as follows: 
Material and Methods 
Specimens studied are listed in Herman eta/. (1986a) together 
with authors, collecting numbers and localities. 
Mature leaves were cleared by the method of O'Brien & 
Von Teichman (1974), stained in KMn04 (Blackburn 1978) 
and mounted in Entellan between two glass slides. Photo-
graphic prints were made using these preparations as negatives. 
Many of the quantitative measurements were determined using 
these photographic prints. 
A combination of the terminology of Stearn (1966), Van 
der Schijff (1971), Hickey (1973), Dilcher (1974) and Reyneke 
eta/. (1979) was used to describe the shape of the leaves. The 
architecture and venation of the leaves were described ac-
cording to the method of Hickey (1973), Dilcher (1974) and 
Hill (1980). Fourteen quantitative parameters proposed by Hill 
(1980), six quantitative attributes derived from the anatomical 
(I) Leaf length in mm. 
(2) Maximum leaf width in mm. 
(3) Leaf length/ leaf width ratio. 
(4) Leaf shape index. 
(5) Base angle in degrees . 
(6) Apex angle in degrees. 
(7) Position of 200Jo maximum width basally as a OJo. 
(8) Position of 20% maximum width apically as a OJo. 
(9) Number of secondary veins. 
(10) Secondary vein intercostal shape. 
(II) Secondary vein angle a in degrees. 
(12) Secondary vein angle b in degrees. 
(13) Basal secondary vein angle in degrees. 
(14) Position of maximum width of leaf as a %. 
(15) The thickness of the leaf across the mesophyll in Jlm. 
(16) The thickness of the leaf across the main vein in Jlm. 
( 17) The ratio: property 16/property 15. 
(18) The number of palisade layers. 
(19) The number of radial rows of vessel elements in the main 
vein of the leaf. 
(20) The number of radial rows of vessel elements in the main 
vascular bundle of the petiole. 
(21) Presence or absence of non-glandular hairs on the leaves. 
(22) Presence or absence of domatia. 
(23) Arrangement of the bacterial nodules . 
(24) Shape of the bacterial nodules . 
The property values were standardized using the following 
formula: 
x=800 (a-c)+IOO (b-e) 
Where x =standardized value 
a= raw value of character 
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b = maximum value of character 
c = minimum value of character 
with the lowest and highest values 100 and 900 respectively. 
Qualitative features were standardized as follows: absent = 
900; present = 100; in between = 500. This formula and 
method were described by Kok (1978). 
A principal component analysis was conducted using an 
IBM 360/ 40 computer. A cluster analysis (Orloci 1967) was 
also performed on the data. 
Results 
The leaves of Pavetta species are simple, decussate with entire 
margins. Sometimes there are three leaves per whorl. The 
leaves of P. lanceolata, P. catophylla, P. gracilifolia and 
P. zeyheri are sub sessile while all the other taxa studied have 
distinctly petiolated leaves. 
The shapes of the leaves of the Pavetta species studied are 
given in Figure 1. The leaves of P. catophylla, P. capensis 
and P. gardeniifolia are obovate, acuminate; P. schumanniana 
are obovate, rounded; P. gracilifolia and P. revoluta round 
to elliptic; P. inandensis, P. natalensis and P. edentula elliptic 
to narrow elliptic; P. lanceolata very narrow elliptic; P. kotzei 
narrow oblanceolate, acuminate; P. zeyheri also narrow 
oblanceolate but with a rounded apex and P. cooperi and 
P. barbertonensis rhomboid. All the leaf bases are cuneate. 
Domatia are found on the abaxial surfaces in the primary 
vein axils of the leaves of P. inandensis, P. lanceolata, P. 
kotzei, P. revoluta, P. natalensis and P. capensis subsp. 
capensis (Figures 2 & 3). 
Bacterial nodules were present in the leaves of all the species 
studied (Herman et al. 1986b). The nodules of P. inandensis, 
P. lanceolata, P. kotzei, P. edentu/a, P. schumanniana and 
P. zeyheri are round and scattered over the leaf surface with 
few or none against the main vein. The nodules of P. cooperi, 
P. barbertonensis and P. capensis are round but confined to 
the basal two-thirds of the leaf and are located close to the 
main vein. In P. graci/ifo/ia and P. gardeniifo/ia the nodules 
are also round and found scattered over the leaf surface as 
well as against the main vein. The nodules of P. nata/ensis 
are elongated and adjacent to the main vein. Both elongated 
and rounded nodules are found in P. catophylla and P. 
revo/uta. In P. revo/uta both types occur close to the main 
vein whereas in P. catophylla the elongated nodules are against 
the main vein and the rounded nodules are scattered over the 
leaf surface. 
The venation of the leaves is pinnate brochidodromous 
(Figure 4). The main veins are slightly curved and stout 
(2-4070) to moderate (1,25-2%) according to Hickey's 
(1973) index which expresses the width of the main vein 
midway along the length of the leaf as a percentage of the 
width of the leaf blade at the same point. The number of 
secondary veins varies from as little as 6 in P. capensis subsp. 
komghensis to 23 in P. edentula. The angle of divergence of 
the secondary veins varies among the different taxa but is 
acute throughout. The relative thickness of the secondary veins 
is moderate [width of the middle secondary veins compared 
to those of the primary and tertiary orders; a measure of the 
proportional reduction in width from one vein order to the 
next (Hickey 1973)]. The term brochidodromous implies that 
the secondary veins are abruptly curved to form loops (Hickey 
1973). The angle where the loop-forming branch joins the 
superadjacent secondary vein is acute (Figure 4) except in P. 
/anceolata and P. zeyheri where this angle is obtuse. The angle 
of origin of the tertiary veins is mostly rectangular (Figure 
4) although acute and obtuse angles are also found on the 
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Figure 1 Schematic presentation of the leaf shape of Pavetta species 
studied. A. Obovate-acuminate: P. gardeniifolia, P. calOphylla and 
P. capensis; B. Obovate-rounded: P. schumanniana; C. Round to 
elliptic: P. revoluta and P. gracilifolia; D. Elliptic to narrow elliptic: 
P. inandensis, P. edentula and P. natalensis; E. Very narrow elliptic: 
P. lanceolata; F. Narrow oblanceolate-acuminate: P. kotzei; Narrow 
oblanceolate-rounded: P. zeyheri; G. Rhomboid: P. cooperi and P. 
barbertonensis. 
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Figures 2-5 Morphology of the leaves of Pavetta species studied . 2&3. Scanning electron micrographs of the abaxial leaf surface of P. capensis 
subsp. capensis illustrating the domatia (A) in the primary vein axils. 2. 30 x ; 3. 120 x . 4. A cleared leaf of P. revoluta to illustrate the venation . 
B-acute angle where loop-forming branch joins superadjacent secondary vein . C-rectangular angle of origin of tertiary vein. 5. Fine venation 
of P. catophylla showing the areoles (D) and free-ending veinlets (E). 
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same leaf. The pattern formed by the tertiary veins is ran-
domly reticulate. The marginal ultimate venation is complete 
although a tendency towards loop-forming exists. The areoles 
are imperfect, randomly arranged and irregular in shape. The 
areoles are either without any veinlets or contain some veinlets 
(Figure 5). These veinlets can be simple, linear or curved or 
can be branched once. 
The results of the cluster analysis are shown in Figure 6 
and the principal component analysis in Figures 7 - 9. 
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Figure 6 Phenogram of percentage resemblance. Note separation into 
two large groups viz. glabrous (A - N) and pubescent (L - J) . A. P. 
lanceolata; B. P. inandensis; C. P. kotzei; D. P. capensis subsp. capensis; 
E. P. capensis subsp. komghensis; F. P. revoluta; G. P. natalensis; 
H. P. zeyheri; J. P. gracilifolia; K. P. gardeniifolia var. gardeniifolia; 
L. P. gardeniifolia var. subtomentosa; M. P. catophylla; N. P. edentula; 
P. P. schumanniana; R. P. cooperi; S. P. barbertonensis. 
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Figure 7 Ordination diagram of the principal component analysis -
first two components (X and V) . For explanation of letters see Figure 6. 
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Figure 8 Ordination diagram of the principal component analysis -
first and third components (X and Z). For explanation of letters see 
Figure 6. 
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Figure 9 Ordination diagram of the principal component analysis - second and third components (Y and Z). For explanation of letters see Figure 6. 
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Figure 10 Scatter diagram showing the relative positions of the specimens studied with respect to the thickness of the leaf across the mesophyll 
(X axis) and thickness of the leaf across the main vein (Y axis). For explanation of letters see Figure 6. 
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Figure 11 Scaiter diagram showing the relative positions of the specimens studied with respect to the number of radial rows of vessel elements 
in the main vein of the leaf (Y axis) and the leaf width (X axis). For explanation of letters see Figure 6. 
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Figure 12 Scatter diagram of the relative positions of the specimens studied with respect to leaf length (Y axis) and leaf width (X axis). For 
explanation of letters see Figure 6. 
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Discussion 
From the phenogram of the cluster analysis (Figure 6) it is 
clear that the individuals are clustered into two main groups 
viz. pubescent and glabrous. As a result of this, one glabrous 
individual of P. gracilifolia (Herman 36) (J) did not cluster 
with the other pubescent P. gracilifolia (J) individuals. The 
pubescent P. capensis subsp. komghensis (E) was also se-
parated from the glabrous P. capensis subsp. capensis (D). 
In general though the individual specimens of the taxa were 
clustered together. The only exceptions were the individuals 
of P. lanceo/ata (A) and P. inandensis (B) which were 
intermingled, confirming the difficulty generally experienced 
in separating these two taxa. The vegetative character used 
to separate these two species viz. leaves subsessile (P. lan-
ceolata) versus leaves distinctly petiolated (P. inandensis) 
(Herman et a/. 1986b) was not included in the numerical 
analysis and consequently these species were not adequately 
separated in this study. Representatives of the section Aethio-
pinymphe (Bremekamp 1934) including P. /anceo/ata (A), P. 
inandensis (B) and P. kotzei (C) (Figures 6 & 7) clustered 
together as a group which shows that this is a well delimited 
section. The representatives of the series Crassiramae under 
the section Brachypus, P. edentula (N), also stand out as a 
distinct group, easily separable from the rest of the taxa. 
Ordination diagrams were drawn from the results of the 
principal component analysis but it was impossible to separate 
most of the individuals into distinct species groups using these 
diagrams (Figures 7- 9). In Figures 7 and 8, P. eden tufa (N) 
can be distinguished as a definite separate taxon. In Figure 7 
the section Aethiopinymphe can also be distinguished as a well 
delimited group (A, B and C). The individuals of P. zeyheri 
(H) show a close affinity to this group, especially towards P. 
/anceo/ata (A)- a trend also visible in Figures 8 and 9. From 
these diagrams it is clear that some taxa show a close affinity 
to each other: P. revoluta (F) and P. capensis subsp. capensis 
(D) (Figures 7, 8 & 9); P. schumanniana (P) and P. gar-
deniifo/ia var. gardeniifolia (K) and var. subtomentosa (L) 
(Figures 7, 8 & 9) and P. gracilifolia (J) and P. capensis subsp. 
komghensis (E) (Figures 7 & 8). 
Diagrams were also drawn using characters which correlated 
highly with each other (Figures 10- 12) but it still proved to 
be impossible to separate the individuals into distinct species 
groups. Once again P. edentula (N) could be distinguished 
as a separate taxon (Figures 10 & 12) and the affinities among 
P. revoluta (F) and P. capensis subsp. capensis (D) (Figure 
10); P. schumanniana (P) and P. gardeniifolia var. gar-
deniifolia (K) and var. subtomentosa (L) (Figures 10 & 11) 
and P. gracilifolia (J) and P. capensis subsp. komghensis (E) 
(Figure 12) are clear. In Figure 12 the affinity between P. 
lanceolata (A) and P. zeyheri (H) is again illustrated. 
The six specimens of P. gracilifo/ia (J) were originally 
entered as two species viz. P. graci/ifolia and P. breyeri. The 
leaf morphological characters and the results of the numerical 
analysis showed that these two species could not be separated 
(Figures 7 & 12) and it has been suggested that these two 
species be combined (Herman 1983). This suggestion con-
firmed Kok's view of this taxon and P. breyeri has been 
placed in synonomy with P. gracilifolia (Kok & Grobbelaar 
1984). 
The close affinity between P. lanceolata (A) and P. zeyheri 
(H) in this study exists in the quantitative similarities of the 
leaf morphology (Figure 12). It is however not taxonomically 
justifiable because these two species differ totally with respect 
to their flower characters and habitat. They were also classified 
into different sections by Bremekamp (1934). 
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Both P. revoluta and P. capensis subsp. capensis have thick, 
leathery, shiny leaves and although the leaves are different 
in shape, it is obvious that these characters were responsible 
for the close affinity in the numerical analysis (Figure 10). 
The two varieties of P. gardeniifolia viz. var. gardenii-
jolia and var. subtomentosa are naturally closely related. 
Although they are classified in different series by Bremekamp 
(1934), this study revealed a close affinity between the two 
varieties of P. gardeniifolia and P. schumanniana on the bases 
of their leaf morphology. Likewise, the leaf morphology of 
P. gracilifo/ia and P. capensis subsp. komghensis also suggest 
a close affinity between them. It is not difficult however to 
separate these species from each other in the field or the 
herbarium. 
Conclusion 
The results of this morphological study demonstrate that the 
shape of the leaf is a very important vegetative diagnostic 
character, a view also expressed by Kok (1983). Other im-
portant vegetative macro-morphological characters are the 
presence or absence of non-glandular hairs and domatia. 
Supporting characters which can be used for the delimitation 
of taxa are the shape and distribution of the bacterial nodules 
and whether the leaves are distinctly petiolated or subsessile. 
From an anatomical study (Herman eta!. 1986b) supportive 
characters are: leaves amphi- or hypostomatic, striae around 
stomata, papillae on leaf margin, thickness of the leaves and 
the size of the adaxial epidermal cells. These are mostly two-
state characters or descriptive terms which can be used in a 
key. 
This study further confirms the close affinities of the 
Pavetta species found in southern Africa and the use of some 
of these vegetative morphological leaf characters should help 
in the delimitation of the specific taxa. 
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